The collagen subtypes I Col I and III Col III are essential components of the cardiac extracellular matrix ECM maintaining the functional integrity of the heart. Histological, immunohistological, and biochemical studies, however, demonstrate characteristical changes of the ECM in dilated cardiomyopathy, myocarditis, ischemic cardiomyopathy, and hypertensive heart disease. Methods: In order to investigate possible effects of inflammatory processes on mRNA abundance of Col I and Col III, we examined 24 Ž . patients with the presumptive clinical diagnosis of dilated cardiomyopathy EF s 30 " 11% . 12 Patients were classified as idiopathic dilated cardiomyopathy without any evidence of myocardial inflammation; the remaining 12 patients were classified as inflammatory cardiomyopathy due to the immunohistologically documented inflammatory myocardial process. Results: Quantification of reverse Ž . transcription polymerase chain reaction RT-PCR products revealed significant differences as to the mRNA abundance ratio Col IIIrCol Ž . Ž . I between subgroups of patients with inflammatory cardiomyopathy 1.16 " 0.18 and idiopathic dilated cardiomyopathy 2.77 " 0.65 Ž . regardless of left ventricular dysfunction p F 0.05 . Conclusion: It is not yet known, whether different Col IIIrCol I ratios differentially influence diastolic compliance. Our data suggest that inflammatory mechanisms seen in inflammatory cardiomyopathy influence the mRNA abundance of collagen subtypes I and III. q 1998 Elsevier Science B.V.
Introduction
The myocardial connective tissue maintaining the funcw x tional integrity of the heart 1 mainly consists of collagen Ž . Ž . Ž . Ž . type I Col I 80% and collagen type III Col III 20% . While fibrosis is a nonspecific adaptional process due to different etiologies, histological, immunohistological, and biochemical studies demonstrate characteristic changes of the ECM in dilated cardiomyopathy, myocarditis, ischemic w x cardiomyopathy and hypertensive heart disease 1-8 . Using electron microscopic and immunohistological methods w x Yoshikane et al. 5 documented an increase in the number and thickness of the weavy collagen in end stage dilated cardiomyopathy. Using biochemical analysis Bishop et al. found that the increase in collagen content is attributable to ) Corresponding author. Fax q49-30-8445-3565.
an increase in absolute concentrations of both collagen Ž .w x subtypes Col I and Col III 6 . Weber et al., however, demonstrated a significant decrease in the portion of type I collagen in explanted hearts of patients with end stage w x dilated cardiomyopathy 8 . The discrepancy of results is possibly explained by different methodical approaches in these studies. Furthermore, according to the task force on w x definition and classification of cardiomyopathies 1995 9 , different subtypes of dilated cardiomyopathy were possibly analyzed in these studies.
In a previously published study of our group, immunohistological examinations revealed lymphocytic infiltrates and an increased HLA class I and II antigen expression on endothelial as well as on interstitial cells in 78 of 161 Ž . patients 48% with a clinically suspected diagnosis of .w x Dallas classification 10-13 . This is indicative of an Ž . ongoing chronic inflammatory autoimmunological process in about half of the patients with a clinically suspected diagnosis of dilated cardiomyopathy. Previously published studies, though, did not use immunohistological analyses in combination with standard histological criteria for the classification of dilated cardiomyopathy. Therefore chronic inflammatory processes of the myocardium might have been missed in about half of the patients with the presumptive clinical diagnosis of dilated cardiomyopathy.
The purpose of this study was to clarify whether an inflammatory process in the myocardium is linked to an altered mRNA abundance of Col I and Col III in patients with inflammatory cardiomyopathy compared to patients with idiopathic dilated cardiomyopathy.
Methods

Patients
Ž
. Twenty-four patients, age 45 " 10 range 26 to 61 with the presumptive clinical diagnosis of dilated cardiomyopathy were examined; 9 out of these patients were female and 15 male. All patients had symptoms for more than six months. All had a cross-sectional echocardiography and electrocardiography. Before taking cardiac muscle biopsies, left and right cardiac catheterization was carried out in all patients, including coronary angiography, ventriculography, and assessment of left and right ventricular hemodynamic function. Angiographically, all patients had left ventricular dysfunction which could neither be explained by a coronary or hypertensive heart disease, nor by valvular defects or secondary causes. For further diagnostic workup at least 8 endomyocardial biopsies from the right ventricular septum were taken in all patients. These endomyocardial biopsies were analyzed using histological, immunohistological and molecular biological techniques. All procedures were performed in accordance with ethical standards and with the Helsinki Declaration of 1975. In addition, all patients gave informed consent for all of the invasive studies performed.
Hemodynamic eÕaluation
The hemodynamic function of the left ventricle was Ž studied by using the AVD-program Angiographic Ventric-. ular Dynamics . The ventricular volume was calculated w x according to Dodge et 
Histology
Haematoxilin-eosin staining was carried out with paraffin sections according to standardized methods. After staining, the histological sections were analyzed according to w x the Dallas classification 10 .
Immunohistology
Endomyocardial biopsies were immediately frozen at y708C. Then biopsies were cut into 5 mm thick sections and 6-9 serial sections were analyzed for each antibody. Each biopsy was evaluated by two different examiners blinded to the diagnosis.
Antibodies: Lymphocytes were detected by anti-CD3 Ž . antibodies Dakopatts and activated macrophages by 27 E Ž . w x 10 antibodies Dianova; Hamburg, Germany 11-13 .
Immunohistological staining: The cryotome sections Ž . were preincubated with 20% fetal calf serum FCS in order to block non-specific immunoglobulin binding sites. Specific monoclonal mouse anti-human antibodies in previously tested dilutions were then incubated for 45 min at room temperature. The unbound antibodies were removed by three washing steps with phosphate buffered saline Ž . PBS . To identify specifically bound primary antibodies, peroxidase-conjugated rabbit-anti-mouse immunoglobulin Ž . Dianova , diluted at 1:200 in PBS containing 10% FCS Ž . 30 min, room temperature was used. The staining was carried out with 3-amino-9-ethylcarbazole as a chromow x gene against a haematoxylin counter stain 11-13 .
Light microscopic eÕaluation
Histology: The histological diagnosis of acute myocarditis and borderline myocarditis was based on the w x Dallas classification 10 . Acute myocarditis was diagnosed histologically if light microscopy showed infiltrating Ž . interstitial cells leucocytes, lymphocytes, or macrophages associated with myocardial injury. The diagnosis of borderline myocarditis required the presence of infiltrating lymphocytes with or without interstitial or reparative fibrosis but with no cell necrosis.
Immunohistology: Using immunohistological tech-Ž . niques, the number of stained T-lymphocytes CD3 per visual field with =400 magnification were counted in one entire specimen. The numbers of cells were given as the Ž mean value of at least ten counted high power fields HPF, . =400 magnification . The diagnosis of an ongoing inflammatory process was made if an average of more than two Ž . Ž 2 . lymphocytes CD3 per HPF 7 cells per mm could be documented. Pathologically increased infiltrating macrophages were defined as being present in cell counts Ž 2 . w x ) 1.5 cells per HPF 5 cells per mm 11-13 .
Molecular biological methods
RNA isolation: Isolation of RNA was carried out using the lithium chloride-urea method modified according to w x Auffray 15 . The endomyocardial biopsies were homogenized through a polytron for 30 s in lithium chloride urea Ž buffer 3 M lithium chloride, 6 M urea, 10 mM sodium . acetate pH 5.0, 200 mgrml heparin, 0.1% SDS . Subsequently, phenolization was carried out followed by alcohol precipitation.
Reverse transcription: 300 ng total RNA of every single biopsy was transcribed into the corresponding cDNA by Ž . using random primer 100 mgrml and MMLV-reverse Ž . transcriptase BRL according to the manufacturer's in-Ž structions Boehringer Mannheim Biochemicals, . Mannheim, Germany .
Oligonucleotides: The primers used for RT-PCR were located at the C-terminal end of the propeptides. In this region, the sequences are highly conserved. To differentiate between amplified DNA and reverse transcribed RNA, the primer regions of Col I and Col III are located on exon w x 1 and 2 or exon 3 and 4, respectively 16-18 . The exact primer sequences are shown in Table 1 Ž . Prehybridization 4 h and hybridization were carried out at 508C in a 6= SSC, 5 = Denhardts-solution and 250 mgrml sperm DNA using a 5 X labelled internal oligo-Ž . Ž 6 . nucleotide Col I hyb., Col III hyb 10 cpmrml, 16 h . Subsequently, filters were washed twice in 6 = SSC and 0.1% SDS at room temperature for 30 min with 0.1 = SSC and 0.1%SDS at 508C. Airdried filters were exposed to an Ž . X-ray film Kodak Xomat AR with intensifier screen Ž . Kodak Xomat regular at y808C for 24-56 h. To obtain quantitative data, the different bands were quantified by Ž . using a video densitometer system Biometra, Gottingen .
Statistical analysis
For statistical analysis the SPSS statistic software package was used. All values are expressed as the mean " standard deviation. Statistical analysis of differences observed between the ratio of Col IIIrCol I mRNA abundance in patients with inflammatory cardiomyopathy compared to patients with idiopathic dilated cardiomyopathy was performed using Student's t test for unpaired data. Statistical significance was accepted at the level of p -0.05.
Results
Hemodynamic eÕaluation
All patients in this study had a left ventricular dysfunc-Ž . tion EF s 30 " 11% . There was no significant difference in the left ventricular dysfunction in patients with histolog- ical and immunohistologically confirmed idiopathic dilated Ž . cardiomyopathy EF s 29 " 10%; n s 12 compared to Ž patients with inflammatory cardiomyopathy EF s 31 " . 12%; n s 12 . Other hemodynamic parameters as EDVI or LVEDP also did not significantly differ in these two Ž . groups Table 2 .
Histology and immunohistology
Histological techniques revealed that none of the patients had an acute or borderline myocarditis according to w x the Dallas classification 10 .
Using immunohistological techniques subgroups of patients with and without cellular infiltrates could be defined Ž . Table 3 . 12 Of the 24 patients in this study had more Ž . than 2 CD3 cells per HPF 2.6 " 1.1 , respectively, and were therefore classified as inflammatory cardiomyopathy Ž . w x WHO classification of cardiomyopathies 1995 9 .
The other 12 patients had negative immunohistological results and therefore were classified as idiopathic dilated Ž . w x cardiomyopathy Fig. 1 9 . By this definition the mean Ž . cell count of lymphocytic infiltrates CD3 differs significantly in patients classified as idiopathic dilated cardiomy-Ž . opathy CD3 s 0.8 " 0.3 cellsrHPF compared to patients Ž classified as inflammatory cardiomyopathy CD3 s 2.6 " . Ž . 1.1 cellsrHPF in both groups of patients Table 3 .
A significantly increased number of macrophages was present in the group of patients classified as inflammatory Ž . cardiomyopathy 1.8 " 0.7 cells per HPF as compared to Ž those classified as idiopathic dilated cardiomyopathy 0.9 . " 0.4 cells per HPF; p -0.01 .
mRNA abundance of collagen
After Southern blotting the RT-PCR products of Col I Ž and Col III were analyzed by a densitometric system Scan . pack Biometra, Gottingen, Germany . Using this system each band of the southern blots of Col I and Col III were exactly measured as a certain amount of pixels. Because of Ž the different length of the RT-PCR products Col I 347 . bp; Col III 376 bp it became possible to calculate the amount of pixels of the Col I and Col III bands for one 
Discussion
Studies by Kuehl et al. demonstrated an ongoing inflammatory myocardial process in about half of the patients with the tentative diagnosis of dilated cardiomyopaw x thy 11-13 . However none of the recently published studies on myocardial collagen metabolism in patients with dilated cardiomyopathy considered a classification of paw x tients as having an inflammatory myocardial disease 1-8 . We therefore performed a subgroup analysis employing histological and immunohistological techniques. Given the influence of cytokines and growth factors on collagen w x metabolism 20-24 , inflammatory myocardial processes in dilated cardiomyopathy might influence the composition of collagen matrix, which might represent an independent factor in the progression of interstitial fibrosis in this disease.
Ž . In our study 12 patients 50% showing the presumptive clinical diagnosis of dilated cardiomyopathy revealed an increased count of lymphocytes and macrophages. None of the endomyocardial biopsies did show an acute or borderw x line myocarditis according to the Dallas classification 10 . Therefore these patients were classified as having inflammatory cardiomyopathy. 12 Patients had negative histological and immunohistological results and were therefore w x classified as having idiopathic dilated cardiomyopathy 9 . These data are in line with the subgroup analysis perw x formed by Kuehl et al. 11-13 and allowed us to study the effect of inflammatory processes on the mRNA abundance of Col I and Col III. In this study, it could be demonstrated that the ratio of Col IIIrCol I mRNA abundance in myocardium with chronic inflammatory processes greatly differs from that in histologically and immunohistologi- Fig. 3; . p -0.05 . This finding is possibly explained by the factor that cytokines and growth hormones that mediate inflammatory processes also influence the metabolism of collaw x w x gens 20-24 . Since Hinglais et al. 25 demonstrated the colocalization of myocardial fibrosis and inflammatory cells in spontaneously hypertensive rats, the expression of Col I mRNA by fibroblasts might be controlled by inflammatory cells that are predominantly T helper lymphocytes Ž . CD3 and macrophages. It is however not known which growth hormones or cytokines represent the key factors in fibrogenesis.
Although the Col IIIrCol I mRNA abundance was not correlated with the degree of left ventricular EF, EDVI, Ž . and LVEDP Table 2 , different ratios might still influence myocardial contractility due to the different physical properties of Col III and Col I. Since an increased proportion of Col I is associated with a reduced distensibility as seen in hypertensive arteries the force-frequency and force volume relationships might be differentially affected in idiopathic dilated cardiomyopathy and inflammatory myocardial disw x ease 26,27 .
Fibrogenesis in inflammatory myocardial disease is not fully understood on the molecular level. Macrophages, when activated by lymphokines, have been shown to produce highly fibrogenic growth factors such as platelet-derived growth factor and transforming growth factor-b Ž .w x TGF-b 28 . Interestingly, it has been demonstrated that a nuclear binding factor I binding site mediates the tran-Ž . scriptional activation of the a1 I collagen promotor by w x TGF-b 20 . Furthermore, immunohistological stainings of endomyocardial biopsies from patients classified as inflammatory cardiomyopathy could show that various cytokines Žinterleukin-1, interleukin-2, interleukin-8, tumor necrosis . factor-a and -b, interferon-g were locally released from activated inflammatory cells causing a cytokine-rich miw x cro-environment 29 . Several lines of evidence suggest that T-cells could play a role in the pathomechanism of w x fibrogenesis 22 . Therefore, inflammatory cells possibly act in concert with lymphokines and growth factors in w x fibrogenesis 25 with a differential effect on mRNA abundance of Col I and Col III in inflammatory myocardial disease and idiopathic dilated cardiomyopathy.
In summary, the present study indicates that chronic inflammation of the myocardium changes the ratio of the collagen subtypes I and III in patients with inflammatory cardiomyopathy as compared to patients with idiopathic dilated cardiomyopathy. Conceivable changes in contractile behaviour of chronically inflamed myocardium due to different physical properties of Col I and Col III are still to be eluciated.
